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Abstract 
Recent concerns have been raised about estrogenic chemicals, mainly 
bisphenol-A (BPA), being leached out of dental sealants. The aim of this in vitro 
study was to identify and quantify BPA and other components released from 
seven light cured fissure sealants (Delton, Dentsply; Concise, 3M; Helioseal , 
Vivadent; Prisma:Shield, Dentsply, Seal-Rite I & II, Pulpdent ; Defender, Henry 
Schein). Fifty microliters of each sealant was placed in a glass dappen dish and 
cured for 50 seconds. After curing, the sample was removed from the dappen 
dish, weighed and transferred to a test tube. Each sealant sample was extracted 
with 95% ethanol for 4 minutes , the samples were removed from the ethanol and 
the extracts were analyzed by high performance liquid chromatography (HPLC). 
Standard solutions containing BPA, triethyleneglycol dimethacrylate (TEGDMA), 
bis-glycidyl dimethacrylate (Bis-GMA), urethane dimethacrylate (UDMA) and 
bisphenol-A dimethacrylate (Bis-OMA) were analyzed by HPLC under the same 
conditions . All chromatograms of the extracts were compared to the standards 
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for identification of the components in each sample. One of the tested sealants , 
Delton was selected for further analysis by gas chromatography/mass 
spectroscopy (GC/MS). Results showed that BPA was not released from any of 
the sealants tested. Delton and Concise leached significantly more TEGDMA 
than Helioseal , Prisma:shield and Defender (ANOVA, p<0.05). Prisma:shield, 
Seal-Rite I and Defender had significantly lower Bis-GMA leachability than 
Helioseal , Concise and Delton (ANOVA, p<0.05). Only Seal-Rite II eluted 
UDMA. Two sealants eluted Bis-OMA (Delton, Defender). At present, since the 
concern about BPA leaching out of dental sealants is unwarranted, it is believed 
that there is no need to change or restrict the use of dental sealants in children 
or adult patients. However , further studies may be required to assess the 
biologic effects of the other leached components that were detected. 
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INTRODUCTION 
Dental sealants have been shown to be effective at not only preventing pit 
and fissure tooth decay before it starts, but also halting the progression of tooth 
decay in its earliest stages . About one in five children and adolescents now receive 
dental sealants, which has contributed to a vast improvement over the past twenty 
years in the percentage of children and adolescents without cavities. Based on the 
recently released findings from the National Health and Nutritional Examination 
Survey, conducted by the National Center for Health Statistics between 1988 and 
1994, nineteen percent of children and adolescents received dental sealants -
double the percentage ten years ago. Fifty five percent of children and adolescents 
aged 5 to 17 were caries free , while 33 percent of adolescents aged 12 to 17 were 
free of cavities (ADA, Dental News Digest, 1996). 
According to the Council on Dental Materials and Devices the components of 
fissure sealants are for the most part those used in the resin portion of composite 
restorative materials (Bowen et al., 1984). Thus, the basic composition is similar in 
both composites and sealants and may include bis-glycidyl dimethacrylate (Bis-
GMA), urethane dimethacrylate (UDMA), and triethyleneglycol dimethacrylate 
(TEGDMA) (Craig, 1993). The resins used as dental sealants are applied to the 
patient's teeth and are polymerized using either a chemical curing process or 
photoactivation. Current technology does not provide complete conversion of 
monomer during the curing process, thereby allowing residual monomers to leach 
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out of the cured resin . The elution of leachable components from composites has a 
possible impact on both the structural stability (Kusy & Leinfelder , 1977 ; Wu & 
McKinney, 1982) and the biocompatibility of the material (Rathbun et al. , 1991; Hank 
et al. , 1991; Anderson et al ., 1987). Components may be eluted into salivary fluids 
and brought into contact with mucosa! tissues (Koda et al. , 1990; Munkgaard & 
Freund , 1989). In addition , components may be leached into dentin where they may 
diffuse towards the pulp (Gezina & Hume , 1994). The findings that a portion of the 
polymerizable groups in dental resins failed to react during polymerization led many 
researchers to investigate the leaching of these unbound molecules into different 
solvents. Numerous studies have observed that the rate of elution of components 
from dental resin is rapid during the initial phase of extraction and slows significantly 
over time (Ferracane & Condon , 1990 ; Gerzina & Hume , 1994; Pearson , 1979; 
Tanaka et al. , 1991 ). 
Recently , a study on the estrogenicity of resin-based dental composites and 
sealants has raised controversy and concern over the safety of monomers leached 
out of these materials (Olea et al., 1996). The study confirmed the estrogenicity of 
bisphenol-A (BPA) and also implicated bisphenol-A dimethacrylate (Bis-OMA), 
monomers found among the constituents of dental sealants. Furthermore , these 
monomers were detected in the saliva of human subjects who had sealants placed 1 
hour earlier. The monomers were not found in the saliva before placement of the 
sealants . 
4 
BPA, an estrogenic substance, is a condensation product of acetone and 
phenol. BPA is a common ingredient in resin-based composites and sealants used 
in dentistry and also a major monomer used in the manufacture of epoxy 
polycarbonate, and corrosion resistant unsaturated polyester-styrene resins used in 
interior coatings of cans and drums, reinforced pipes, adhesives, flooring, water 
main filters, artificial teeth, nail polish, and food packaging materials (Feldman & 
Krishnan, 1995; Knaak & Sullivan, 1966; Krishnan et al., 1993; Morrissey et al., 
1987). Bis-GMA can be synthesized by a chemical reaction between BPA and 
glycidyl methacrylate. Many of the present commercial sealants and composite 
materials make use of the Bis-GMA resin molecule (Craig, 1993). 
Even though the potential deleterious effects of BPA and its degradation 
products are well documented (Feldman & Krishnan, 1995; Knaak & Sullivan, 1966; 
Krishnan et al., 1993; Morrissey et al., 1987), adverse health effects attributed to 
leached components from dental sealants have not been . reported. It is therefore 
questionable whether or not these materials indeed leach out of dental sealants in 
quantities that may pose a health hazard. The objective of this in vitro study was to 
identify and quantify BPA and other key leachable components that may be released 
from different brands of dental pit and fissure sealants. 
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LITERATURE REVIEW 
The occlusal surfaces of permanent teeth have pits and fissures which are 
particularly susceptible to decay. Fluoride treatments have been the least effective 
in preventing cavities in these areas . The susceptibility of occlusal pits and fissures 
to caries is related to the physical size and morphology which can harbour 
organisms and restrict oral hygiene procedures. Occlusal sealing was first 
introduced in 1965 and since then has come to include Bis-GMA resins (polymerized 
either by chemical means or by visible light), a polyurethane sealant containing 
inorganic fluoride compounds, and polyacrylate materials. The resin-based 
composite restorative materials used in dentistry . contain two major components ; an 
organic resin matrix and an inorganic filler (Craig, 1993). The base monomers used 
to form the polymeric matrix for dental sealants are dimethacrylates such as Bis-
GMA or UDMA (Ruyter , 1985). These base monomers have molecular weights of 
500-1 000g/mol and may need substantial dilution to be workable. TEGDMA is a 
typical diluent monomer (Ferracane , 1994). Many sealants are composites without 
inorganic fillers which allow them to be more fluid to penetrate into the pits and 
fissures. The chemistry of the Bis-GMA sealants is the same as that for composites. 
This review is divided into 10 sections ; components of dental composites , 
nature and quantity of the elutable species , factors affecting elution , cytotoxic effects 
of resin components, adverse-allergic reactions to dental resins , estrogenicity, 
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chromatography, high performance liquid chromatography , diode-array UV-VIS 
absorption spectroscopy and gas chromatography/mass spectrometry . 
Components of dental composites 
The two most common general classes of oligomers that have been used in 
dental composites are Bis-GMA and UDMA. The oligomers are similar in that they 
contain reactive double-carbon bonds at each end that can undergo addition 
polymerization. The viscosity of oligomers is so high that diluents must be added so 
that a clinical consistency can be reached when they are compounded with the filler. 
Low molecular weight compounds with difunctional double-bond carbons, usually 
TEGDMA, are added by the manufacturer to reduce and control the viscosity of the 
compounded composite. A few· products use both Bis-GMA and UDMA oligomers 
(Craig, 1993). 
Polymers are considered to be of insufficient strength and durability to be 
used alone as permanent restoratives, therefore both inorganic and organic fillers 
are used to reinforce dental composites (Ferracane, 1994). 
The polymerization of composites is achieved by chemical or visible light 
activation, with light becoming more common. Chemical activation is achieved by an 
organic amine reacting with an organic peroxide to produce free radicals, which then 
attack the carbon double bonds , causing polymerization. The polymer is highly 
cross-linked since carbon double bonds are present at each end of the oligomer and 
diluent. The amine and peroxide react at room temperature so that before reaction 
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the composite consists of two parts, one containing the amine and, the other, the 
peroxide. Once the two parts are mixed, the polymerization reaction rapidly 
proceeds. Light activation is achieved with blue light of about 460 nm, which is 
absorbed usually by camphoroquinone added by the manufacturer in amounts 
varying from 0.2% to 1.0%. The reaction is accelerated by the presence of a carbon 
double bond contained in the organic amine. The camphoroquinone and the amine 
remain stable in the presence of the oligomer as long as the composite is not 
exposed to blue light. For this reason, the light-activated composites are supplied by 
the manufacturer completely compounded in opaque containers (Craig, 1993). Also, 
small amounts of chemicals are added to inhibit the polymerization reaction, thus 
allowing ample shelf-life or working time. Some typical inhibitors used in dental 
composites are butylated hydroxytoluene and hydroquinone. In addition, since 
organic polymers can be degraded by ultraviolet light the need for UV stabilizers, 
such as benzophenone, are added to commerical products (Ruyter, 1985). 
For a composite to have successful properties, a good bond should form 
between the organic oligomer and the inorganic filler during setting. Bonding is 
achieved by treating the surface of the filler with a coupling agent before mixing it 
with the oligomer. Organic silicon compounds called silanes are the most common 
coupling agents. Inorganic oxides are usually added in different amounts to provide 
shades that match the majority of tooth shades (Craig, 1993). 
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Nature and quantity of the elutable species 
Among the first studies to state that components could be eluted from 
composites were those of Braden , Causton & Clarke in 1976 and Pearson in 1979. 
Since then numerous studies have verified that virtually all of the components in 
dental composites may be leached into solution. Also, Ferracane (1994) stated that 
recent research has shown that composites can be degraded by various chemical 
agents, and that the degradation products are capable of being extracted into 
solvents. 
Monomers 
In an early study performed in 1981, Braden & Pearson using infra-red (IR) 
spectroscopy to analyse the eluate from Bis-GMA-based and urethane-based 
composites which had been soaked for six months in water showed that residual 
oligomer or monomer had been extracted from each composite. The following year, 
1982, Inoue & Hayashi using high performance liquid chromatography (HPLC) 
verified that Bis-GMA and other monomers were eluted from eight different 
composites which were soaked in water for 2 weeks. At approximately the same 
time, Thompson, Miller & Bowles (1982) conducted research using UV spectroscopy 
to evaluate the loss of residual base monomer and diluent from orthodontic 
composites immersed in water and ethanol for 48 hours. They showed that a 
solution of 50% water and 50% ethanol was more effective than pure water for 
leachin g uncured monomers , and that 80-90% of the leachable material was eluted 
within several hours. The chemical composition of the orthodontic adhesive resins 
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used for bonding brackets is very similar to that of dental composites and sealants . 
Athas et al. (1979) also tested typical orthodontic bonding material and found 
significant amounts of active materials were eluted with ethanol and even more with 
dimethyl sulfoxide. In 1986 , Okamoto et al. using two composites aged in water for 
72 hours with H PLC was able to identify Bis-GMA and TEGDMA , as well as the 
hydroquinone inhibitor as products eluted. 
More recently in 1991, Tanaka et al. identified large amounts of TEGDMA and 
smaller amounts of Bis-GMA which remained unreacted in several dental 
composites using gas-liquid chromatography and mass spectroscopy (GC/MS) . 
They observed that when the composite resin was stored in water at 37 °C for 7 days 
minor quantities of the residual monomers were eluted from the photo-cured 
composite into the water. When they increased the period of visible-light irradiation 
from 30 seconds to 50 seconds it resulted in a significant decrease in residual 
monomer levels and the rate at which they were eluted into water. They also 
supported Thompson, Miller & Bowles (1982) claims that the smaller TEGDMA 
molecules were released at a faster rate than the larger molecules of the Bis-GMA 
monomers . In 1991 , Rathbun et al. utilized Fourier transform infrared spectroscopy 
(FTIR), GC and MS to identify Bis-GMA as the primary molecule eluted , and also 
found a benzophenone UV stabilizer that does not participate in the polymerization 
reaction as the elution components from dental composites which were placed into 
vario u'"' organic solvents. Pham & Ferracane (1989) drew similar results when they 
used FTIR spectroscopy to identify eluates from resins that were recovered from 
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water and ethanol solutions. In 1996 , Hamid and Hume analyzed leachable 
components of five commercially-available pit and fissure sealants in distilled water 
by HPLC. TEGDMA was detected in all eluates. 
Fillers 
Research has been reported on the dissolution of elements present in 
composite filler after storing the composites for 60 days in water. Soderholm (1983, 
1990), and Soderholm et al. (1984) utilized absorption spectroscopy and optical 
emission spectrography to notice silicon , barium and strontium leaching from the 
composite fillers, and stated that material using quartz fillers were more stable than 
those containing silicate glasses. Ruyter & Oysaed also showed in 1987 that 
composites containing strontium , barium and zinc glasses leached more readily into 
water than composites using particles of silicon dioxide. 
Polymerization promoters/inhibitors 
Many studies have shown that any of the · components present in dental 
composites can be eluted into various solvents during soaking. In addition, organic 
solvents are more effective than water when used as the solvents for soaking due to 
their enhanced ability to penetrate the cross-linked resin matrix of the composites. 
Spahl , Budzikiewicz & Geurtsen in 1991 used GC/MS to identify residual monomer 
as well as light-curing initiators , inhibitors and activators as the products eluted from 
different composites into both methanol and water. Rathbun et al . (1991) reported 
on the elution of promoters and inhibitors in their study which showed the primary 
leached component was unreacted Bis-GMA , but also detected 2-hydroxy-4-
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methoxy-benzophenone , a light stabilizer , as well as a phenyl ester of benzoic acid 
as leachable components. The solvents they used were ethanol , chloroform and 
toluene. 
Wear and degradation products 
Another concern of composite restorative materials is a lack of wear 
resistance leading to loss of anatomic form (Leinfelder et al., 1975 ; Groeningen & 
Arends. 1982; Goldberg et al., 1984), microleakage (Gross et al., 1985) , 
discoloration and chemical degradation (Ruyter , 1985). The composition and 
conversion after polymerization of these materials may be an important factor for 
several of these shortcoming , and may also affect the mechanical properties (Ruyter 
& Oysaed , 1982, 1986). It has been shown that in visible light-activated materials 
the conversion decreases with increasing depth ( Ruyter & Oysaed , 1982), and 
Ruyter & Oysaed (1987) noted a degree of conversion in the composites they 
investigated varied between 55 and 73%. The wear mechanism of these materials 
has been explained as being caused by resin wear, filler exposure and filler loss 
(Leinfelder et al., 1975; Kusy & Leinfelder , 1977) . Soderholm (1981 , 1983, 1984) , 
as stated earlier , had shown that filler elements leached into water from dental 
composites and that the leaching process was accentuated when the silica network 
had been modified with metal oxides . Broken down filler surfaces will increase the 
risk for filler-matrix debonding , decrease strength and reduce wear resistance 
(Oysaed & Ruyter , 1986 ; Draughn , 1985 ; McKinney & Wu , 1985 ; Soderholm , 1985). 
Accordingly, water or other chemicals available in the oral cavity could cause this 
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debonding (Jorgensen et al., 1979) . Another factor in the stability of the polymer 
matrix is the formation of byproducts from its degradation. Oysaed , Ruyter & Kleven 
(1988) used HPLC and UV spectroscopy to show the production and release of 
formaldehyde from nine dental composites soaked in water. A continuous release of 
formaldehyde was evident during the first ten days. The release decreased over 
time, but was still present after 115 days . They noted that the production of 
formaldehyde was greatest when an air-inhibited surface was present on the cured 
material. Conversely , they found that when this layer was removed prior to testing 
by curing the surface against a matrix or by removing the surface through polishing, 
the formaldehyde concentrations were reduced. A mechanism was proposed by 
which the residual methacrylate groups were oxidized to form formaldehyde. 
In 1990, Koda et al. noted the production of methacrylic acid during the 
degradation of polymethylmethacrylate denture resins. Other studies have shown 
similar results for composites exposed to solutions containing enzymes. 
Munksgaard & Freund (1990) , stated esterases and enzymes in saliva can attack 
the resin matrix in dental composites. They showed the microhardness of the 
surfaces of Bis-GMA/TEGDMA-polymers decreased after treatment with pork liver 
esterase for 48 h. In their method, polymer cylinders were vigorously shaken in an 
aqueous slurry containing abrasive particles. The shaking was performed for 3 s 
followed by a rest period of either 100 or 200 s over a 24 h period. A greater mean 
loss of the cylinders was measured when esterase was present in the slurry and the 
loss of weight increased significantly from 6.7% to 23.8% when the rest period was 
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increased from 100 s to 200 s to allow the esterase time to work. The mechanical 
removal of material caused by the slurry, similar to possible chewing, was increased 
as the rest period became longer because esterase caused a softer surface. It was 
presumed that the action of the esterase took place on the hanging methacrylate 
groups. The hydrolysis of the polymer matrix catalyzed by esterase caused 
methacrylic acid to be formed (Freund & Munksgaard, 1990). It has been stated that 
the dimethacrylates containing ethyleneglycol-derived groups as the alcohol part of 
the molecule (DEGDMA, TEGDMA) and UDMA exhibit greater tendencies to being 
hydrolyzed than the others like Bis-GMA. In Bis-GMA a hydroxyl group is located at 
the second carbon atom from the ester group causing steric hindrance and reducing 
the affinity of the enzyme to be bonded (Munkgaard & Freund, 1990). Enzymes with 
hydrolytic activities have been found in saliva (Chauncey, 1961; Nakamura & Slots, 
1983) and found to originate from salivary glands, crevicular fluid, 
polymorphonuclear leukocytes, or epithelial cells (Birkhed & Heintze, 1989). 
Microorganisms are known to adhere to composite resin surfaces (Jorgensen, 
1980), thereby raising the hydrolase activity on the surface to higher levels than in 
saliva. Their results demonstrated that enzymes in human saliva are capable of 
softening the surface of dimethacrylate polymers and the removal of a surface layer 
softened by hydrolases will expose a new surface layer to enzymatic attack and 
contribute to the wear of composite material (Larsen & Munksgaard, 1991 ). This 
enzymatic degradation of dimethacrylate resins has been corroborated by Yourtee et 
a/. in 1992. They found esterase remained 80% active even after 384 hours. 
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A recent report by Olea et al. (1996) stated that BPA and Bis-OMA have an 
estrogenic activity. Bis-OMA is a monomer used in some composites and sealants . 
Bean and Williams (1997) studied the susceptibility of Bis-OMA toward ester 
hydrolysis to determine the availability of BPA and its potential estrogenic effects. 
The hydrolysis reaction of Bis-OMA with water , saliva and the commercially available 
enzymes porcine liver esterase , acetylcholinesterase , pseudoacetyl- cholinesterase 
and cholesterol esterase was analyzed for monomer breakdown by the appearance 
of methacrylic acid via ion-exchange H PLC. They found that Bis-OMA was not 
hydrolyzed in saliva but the tissue enzymes cholesterol esterase and porcine liver 
esterase did hydrolyze Bis-OMA and made available the suspect BPA. 
In another study , Okamoto et al. (1986) suggested that there may be a 
synergistic effect between the residual monomers and other eluted components from 
composite materials responsible for altering collagen by making it less resistant to 
trypsin digestion. 
Quantity of the components eluted 
Since monomers make up the large majority of the components eluted from 
composite material , this section will focus mainly on them. Numerous researchers 
have quantified the amount of components eluted from dental composites into 
various solutions. In 1982 , Inoue & Hayashi studied a method of measuring the 
residual monomer of a range of composite materials and to determine the 
percentage of monomer eluted into water from material which had been soaked in 
water from the setting time. They found residual monomer of Bis-GMA was detected 
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in all the composites tested and the amount of monomer at the setting time was in 
the range of 0.4-1.21 % of the original weight of the cured composites. They further 
determined that only 0.04-0.12% of the initial composite weight could be eluted into 
water over a 13 day period , and that the elution reached a constant level after 3 
days. Thus only 10% or less of the monomer was capable of being extracted into 
water. 
Pearson & Longman (1989) noted a higher level of components capable of 
being extracted from dental composites , finding values of 0.25-0 .85% of the original 
weight of the composite. But, they did not immediately place their samples in water -
after curing, instead allowing them to dehydrate until a constant weight was achieved 
and then placing them into the water for elution . Since polymerization continues for 
hours after curing one might expect higher values if their samples were placed in the 
water immediately after curing. Recent studies such as Ferracane & Condon (1990) 
who studied the elution of unreacted components from a composite and an unfilled 
dimethacrylate resin placed in water within 10 minutes after curing found levels of 
elution of 1.5-2.0% for the materials over a 7 day period. In 1991, Rathbun et al. 
soaked composites in organic solvents such as ethanol, chloroform and toluene , 
immediately after curing , and noted 4.6%-11 % of their components eluted over a 7 
day period. 
Tanaka et al. (1991) stated that most of the unreacted monomers present in 
a Bis-GMAffEGDMA composite were TEGDMA diluent molecules and they 
suggested that only 2-7% of the unreacted molecules present in composites were 
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capable of being eluted. Ferracane & Condon (1992) using infra-red analysis of 
dental composites showed that almost 50-60% of the initial methacrylate groups 
remained unreacted after visible light curing. Ferracane (1994) stated that if one 
assumes that all of the unreacted monomers capable of being eluted are TEGDMA, 
and that 1.5-2.0% of the weight of the composite can be eluted as TEGDMA, then 
one can determine that this would account for about 8% of the unreacted 
methacrylate groups identified. In other words, less than one-tenth of the available 
methacrylate groups are extractable. This statement is in agreement with the results 
of Tanaka et al. (1991) and Inoue & Hayashi (1982) which claimed that only a small 
fraction of the unreacted methacrylate groups in the set dental composite were 
present on residual monomer or elutable oligomer. Thus, although the degree of 
cure in composites may be low, the biological effect of these unreacted methacrylate 
groups may be mitigated because they remain bound within the composite. 
Rate of elution 
Numerous studies have observed the rate of elution of components from 
dental composites and found similar results. The leaching of components is rapid 
during the initial state of soaking and slows significantly over time. Ferracane & 
Condon (1990) stated that the majority of the components, 50% in water and 75% in 
ethanol/water, were leached within the initial three-hour period, and 85-100% were 
leached within 24 h of being placed in either solvent. The rate and extent of elution 
seems to be greater in organic solvents, such as 75% ethanol/water, as compared 
into pure water. This is due to the greater ability of the organic solvent to penetrate 
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and expand the polymer network , increasing the liberation of the unreacted and 
leachable molecules. Pearson (1979), stated complete saturation of the composite 
with solvent may require weeks or months. Thus, even though further elution may 
occur over time, the majority of leachable molecules were extracted within a matter 
of hours (Ferracane , 1994). 
Factors affecting elution 
From the previous sections it can be seen that there are numerous factors 
and conditions that play roles in the process of elution from dental composite 
materials. One factor relates to the amount of leachable molecules, and the number 
of unreacted monomers can be altered by the degree of polymerization. Another 
factor, the chemistry of the solvent has already been shown to have a significant 
effect on the extent of the elution. Also, the size and chemical composition of the 
elutable species plays a role (Ferracane, 1994). 
It is generally stated that the greater the extent of polymerization , the less 
residual monomer available to be leached. Ferracane & Condon (1990) purposely 
undercured their material which resulted in a greater percentage of unbound 
molecules which were available to be leached , thus contributing to a higher value of 
elution . Pearson & Longman (1989) also observed after reduced curing an increase 
in solubility by a factor as high as six. Tanaka et al. (1991) stated that extending the 
photo-curing time from 30 s to 50 s significantly decreased the residual monomer 
level and its elution into water in their study. Rueggeberg & Craig in 1988 stated a 
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similar relationship using a single light-cured Bis-GMA/TEGDMA composite. They 
altered the degree of cure , or degree of conversion (DC) of carbon-carbon double 
bonds , by curing the composite through varying thickness of previously cured 
composite in order to reduce the light intensity and thus DC in a systematic manner. 
Elution was determined after storing the variably cured composites in water for 28 
days and showed an inverse correlation between degree of cure and % elution. 
Hamid & Hume (1997) quantified any components released into purified water from 
seven different light-cured fissure sealants which had been placed into molds of 
varying depths of 2.0, 1.0 and 0.5 mm. They found the cumulative TEGDMA release 
was significantly higher for the Concise sealant in the 2.0 mm depth mold. They 
stated a direct relationship between depth in the cumulative release for Concise and 
UltraSeal sealants. Pham & Ferracane (1988) provided similar results using 
different depths of composites. They noticed there was increased DC and 
decreased elution for specimens cured with longer illuminations and lesser depths 
and material with low DC's will have high levels of uncured resin that can be leached 
into oral fluids. In a clinical dental setting, depth of curing, intensity of light, and time 
curing would all play roles in elution. 
As mentioned earlier , the type of solvent the composite material is soaked in 
may have a substantial effect on the amount of molecules eluted. Several studies 
have stated that using organic solvents resulted in a greater quantity of material 
eluted and a softer composite surface (Thompson et al. , 1982; Tanaka et al. , 1991; 
Rathbun et al , 1991; Ferracane & Condon , 1990; Wu & McKinney , 1982). The 
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solubility parameter describes the ease that a molecule will penetrate and dissolve 
within another substance. In 1982, Wu & McKinney stated that solvents with 
solubility parameters in the range of 9.0 to 14.5 (cal/cm 3) 112 were good solvents for 
dental resin composites, having the ability to penetrate and soften them. They then 
determined that ethanol solutions had similar solubility parameters to dimethacrylate 
polymers and were clinically relevant solutions for dental research. Solutions 
containing 75% ethanol/water became the best solvents for composites. It should 
also be remembered from the previous sections that various results demonstrated 
that enzymes in human saliva are capable of softening the surface of dimethacrylate 
polymers presumably by inducing a hydrolysis of methacrylate ester bonds (Larsen 
& Munksgaard, 1991; Freund & Munksgaard, 1990; Munksgaard & Freund, 1990). 
In addition, microorganisms have been shown to adhere to composite surfaces 
causing an increase in the hydrolase activity (Yamamoto et al., 1989) . Furthermore, 
some food-simulating liquids , organic acids in food and beverages as well as organic 
acids produced in dental plaque adhering to a composite surface may cause a 
softening of the polymer matrix of the composites (Larsen & Munksgaard, 1991; Wu 
& McKinney, 1982). The oral cavity probably presents an environment somewhere 
between the more aggressive solvents , like ethanol , and pure water (Ferracane, 
1994). 
The size of the molecules and chemical composition of the leachable 
components also plays a factor in the elution process. Smaller molecules have 
enhanced mobility and are expected to be leached at a faster rate than larger, 
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bulkier molecules. Tanaka et al. (1991) noted the trend for residual TEGDMA to 
dissolve from the set composites into water differed from that for residual Bis-GMA, 
possibly due to the different mobility of each monomer inside the set composite 
stored in water. Low-molecular-weight TEGDMA appeared to flow more easily into 
water than higher-molecular-weight Bis-GMA (Ban et al., 1986). 
Cytotoxic effects of resin components 
Since the 1960's when Bis-GMA composites were introduced for use in 
dentistry, many studies have reported on possible harmful effects. Questions of 
toxicity are being asked about the final polymerized material and the monomers and 
other agents that may become part of the final restoration. Although physical 
properties of resin composites are constantly being improved, several in vivo studies 
have stated that the use of these resins as restorative materials may be associated 
with necrosis and irritation of the pulp (Stanley et al., 1967, 1975; Baume and Fiore-
Donno , 1968; Tobias et al. , 1973; Block et al., 1977) as well as the periodontium 
(Nasjleti et al., 1983). Other studies have suggested that microleakage of bacteria 
around these composite restorations, rather than the composites themselves, may 
be responsible for pulpal inflammation (Brannstrom and Nyberg, 1972; Bergenholtz 
et al., 1982; Cox et al., 1987). Experiments assessing the toxicity of eight individual 
composite e,9mponents revealed little pulpal inflammation when placed on dentin 
walls for 21 days (Stanley et al., 1979). However, other investigators have stated 
that resin composites are capable of causing toxic reactions in vitro. Hanks et al. 
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(1988) using four composite resins observed a cytotoxic response within the first 24 
h of a 72 h study. Since it was stated in earlier sections that . composites and 
sealants are capable of leaching their components into solvents, water, dentinal 
tubule fluid, saliva, or connective tissue , it is important to determine possible 
cytotoxic effects. 
Terakado et al. (1984) stated that benzoyl peroxide , a catalyst for resin 
composites, was capable of converting polyunsaturated fatty acids and 
phospholipids to peroxides. This suggested a mechanism of action by a number of 
composite ingredients on lipid layers of cell membranes. Some components capable 
of causing peroxide formation of lipids were: benzoyl peroxide , methylmethacrylate, 
ethyleneglycol dimethacrylate, TEGDMA , bis-glycidyl methacrylate, and 2,2-bis-4-
methacryloxyethoxy phenyl propane. In another study by Fujisawa et al. (1988), they 
reported that TEGDMA binds to liposomes and hypothesized that the odontoblast 
processes in dentinal tubules are damaged by this binding to the cell lipid bilayer. 
Anderson (1987) investigated the toxicity of composite component 
combinations in vitro cell culture tests. They took three combinations [1 =Bis-GMA 
(monomer) + TEGDMA (diluent); 2=BIS-GMA + TEGDMA + BPO (initiator); 3=BIS-
GMA + TEGDMA + DEPT (activator)] of composite components which were 
dispersed into the cell media at four dilutions ( 1 %, 0.1 %, 0.01 %, 0.001 %) and 
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incubated with the cells. They observed all three combinations had marked 
cytotoxicity, 0% live cells, at the 1 % and 0.1 % concentrations. This suggested that 
the ingredients of composites have a measurable cytotoxicty even in fairly low 
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concentrations. Anderson et al. (1988) conducted another study to identify the 
relative toxicity of a light-activated composite cured at different depths and 
illumination times , and to relate this to the quantity of leachable components in these 
variably cured resins. Using human gingival fibroblast they concluded that the 
composite with the deepest depth leached the most material and had the highest 
cytotoxicity. They suggested that uncured components of improperly layered or 
illuminated composites may leach from restorations, diffuse through an organic 
medium, and exert a serve cytotoxic effect. Hanks et al. (1991) conducted a study 
to determine the cytotoxic concentrations of 11 components of resin composites on 
fibroblasts and stated there was no doubt that the reductions in DNA and protein 
synthesis observed with these chemicals led to cell death when certain 
concentrations were reached. They stated ethoxylated Bis-OMA (E-BPA) was the 
most toxic molecule of their group, 1050 being between 1 and 10 µmol/L. The 1050 
concentrations for Bis-GMA, UDMA, TEGDMA , and BPA, ranged between 10 and 
100 µmol/L. Rathbun et al. , in 1991 studied the cytotoxicity of polymerized Bis-GMA 
composite in cell cultures before and after leaching out the eluted components with 
various solvents to determine cellular reactions. They noted the removal of the 
leached composite components, mostly unreacted Bis-GMA, caused a 90% 
d~crease in toxicity compared to the nonextracted samples. 
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Adverse-allergic reaction to dental resins 
Adverse reactions to composite materials are rare, but several well 
documented cases have been observed. Reactions to dental resins have been 
reported by Nathanson & Lockhart, 1979; Lind, 1988; and Katz, 1977. Allergic 
reactions to various composite components have been identified . Nathanson and 
Lockhart (1979) reported a case of a patient who experienced several delayed 
hypersensitivity reactions to a dental composite resin, which was confirmed by patch 
testing. Replacement of the composite with acrylic restorations did not cause further 
allergic reactions. Thus, this ruled out the amine , peroxide, and methacrylate 
monomer as sensitizers because they are ingredients of both restorations. They 
suggested BPA as a possible sensitizer in this case. Jolanki et al. in 1995 noted a 
dental assistant had allergic contact dermatitis caused by dental composite resin 
products based on epoxy dimethacrylate. The contact allergy was verified by allergic 
patch test reactions to BPA from two composite samples. The two samples were 
analyzed and 0.014-0.015% of BPA was detected . 
A case reported in 1993 by Hallstrom observed an allergic reaction after the 
placement of four Delton sealants. The four first permanent molars of a six-year-girl 
were sealed with a chemically cured sealant. On the first night the girl began to 
show signs of an asthmatic reaction which continued on day 2. Between days 2 and 
3 a severe urticaria with rashes and swelling covered the entire body. A cortisone 
and bronchodilator was prescribed but conditions got worse. The fissure sealants 
were removed and the symptoms began to disappear in hours. Her molars were 
\ 
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later sealed with a glass ionomer cement with no complications. No allergic reaction 
could be proven with a dermatological test, but the patient's reaction to both the 
application and removal of the sealants indicated an adverse reaction to the 
material. 
Cases of allergy to BPA have also been reported from fiberglass made of 
epoxy resin (Gaul , 1960), semisynthetic waxes (Freeman & Warin , 1984), paint 
(Jolanki et al., 1995), dentures (Van Joost et al., 1988) and plastic footwear (Srinivas 
et al., 1989). Future cases are likely to be observed . 
Estrogenicity 
As mentioned earlier , a new study by researchers in Spain and published in 
1996 (Olea et al.) found that chemicals in dental sealants and composite fillings can 
leach out and mimic the naturally occurring female hormone estrogen, thus raising 
concerns about the safety of these dental materials. Specifically, BPA, the precursor 
of many monomers including Bis-OMA which is used widely in composites and 
sealants, demonstrated estrogen-like activity when tested in tissue cultures of breast 
tumor cells. Furthermore , these monomers were detected in the saliva of patients in 
whom sealants had been applied one hour earlier. These monomers were not 
detected prior to sealant placement. The reported effect appeared to be from 
uncured sealant material. BPA and Bis-OMA stimulated breast cancer cell (MCF7) 
proliferation , increased the numbers of progesterone receptors, increased MCF7 
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pS2 protein and cathespin O secretion , and exhibited competitive binding of 
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estrogen receptors. They used naturally occurring female hormone , estradiol-17 
(estrogen), as a control throughout the tests. This study contradicted a study done 
by Hamid and Hume (1997). They tested SPA and any other leachable 
components released into water from seven light-cured fissure sealants in vitro by 
HPLC. SPA could not be detected in eluates from any of the sealants tested. 
TEGDMA was released immediately after sealant placement. 
Sisphenol-A (SPA) 
Uses 
SPA is used in the production of various epoxy resins and polycarbonate 
plastics. These plastics are used in many food and drink packaging applications. 
The resins are routinely used as lacquers to coat metal products such as food cans, 
bottle tops and water supply pipes (ENDS, 1995). As stated earlier , many polymers 
used in dental materials contain SPA. New applications are continuously being 
developed and current producers have the capacity to manufacture over a billion 
pounds of SPA in the United States alone (Krishnan et al., 1993). 
Toxicity and estrogenic effects of BPA 
SPA was first shown to be estrogenic in 1938 by Dodds and Lawson, using 
ovariectomized rats. SPA was evaluated by Morrissey et al. (1987) for 
developmental toxicity in CD rats and CD-1 mice. In rats, maternal weight gain 
during gestation , weight gain corrected for gravid uterine weight, and weight gain 
during treatm~nt were significantly reduced at all SPA doses. In mice, maternal 
mortality occurred at all SPA doses , reaching 18% at the high dose , which also 
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produced a significant decrease in maternal body weight gain during gestation and 
treatment. Reductions in gravid uterine weight and average fetal body weight were 
observed with the 1,250 mg/kg dose of BPA. Relative maternal liver weight was 
increased at all doses of BPA. There was a significant increase in the percentage of 
resorptions per litter with 1,250 mg/kg/day. Thus, BPA treatment at maternally toxic 
dose levels during organogenesis produced fetal toxicity in mice but not in rats and 
did not alter fetal morphologic development in either species. 
More recently, Krishnan et al., 1993, detected BPA in distilled water 
autoclaved in polycarbonate flasks. They found it to be estrogenic in the MCF-7 
human breast cancer cell culture assay. The hormonal effects could be measured at 
concentrations as low as 2-5 µg/1. Brotons et al. (1995) noted liquids containing BPA 
obtained from preserved vegetables has also been found to be estrogenic to human 
breast cancer cells. It has also been reported that low levels of BPA fed to pregnant 
rats resulted in reduced testes size and sperm counts in their offspring (ENDS, 
1995b). 
Metabolic fate of BPA 
In 1966, Knaak and Sullivan studied the metabolic fate of an orally 
administered dose of bisphenol-A- 14C in the rat. Over an 8-day period, 28% of the 
14C was excreted in the urine and 56% in the feces . No 14C 0 2 could be detected in 
respiratory CO2, and at the end of 8 days no 14C residues could be detected in the 
carcass. Corollary information was obtained by GC and infrared spectroscopy. The 
metabolic products appearing in the urine were examined by ion exchange and GC. 
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The results showed that BPA was primarily excreted as the glucuronide. Less than 
1 % of the material present in urine was free BPA. The metabolites appearing in the 
feces were extracted and examined by GC. Some 35% of this material was 
identified as free BPA, while an additional 35% was identified as a hydroxylated 
product of BPA. The remaining 30% could not be chromatographed and was 
probably present as a conjugate. 
Human exposure 
Brotons et al. (1995) showed that in some cans they found both BPA and the 
related chemical dimethyl bisphenol-A, in both the liquid in which the preserved 
vegetables were stored in and water autoclaved in the cans. The highest levels of 
SPA were found in cans of peas as high as 33 µg per can, with an average of 23 µg. 
Other liquids containing BPA were found in cans of artichokes , beans, mixed 
' vegetables, corn and mushrooms. All liquids which contained BPA were estrogenic . 
The liquid from the most contaminated vegetables, the peas, produced 58% of the 
estrogenic response generated by estradiol-17. They concluded that all estrogenic 
activity in these cans was due to BPA leached from the lacquer coating of the cans. 
The vegetables themselves were not tested , but since they probably contain more 
fat than their liquid, they are likely to contain at least as much, if not more, BPA as 
the liquid. They also examined cans of other more fatty products , including 
condensed milk, pork and beans and concentrated milk-based infant formula. Here 
the cans were emptied , cleaned , then filled with distilled water and autoclaved. The 
water was analyzed and some were found to contain BPA and were also estrogenic. 
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For example, extracts from cans that had contained condensed milk increased cell 
proliferation by as much as 70% of the maximal effect of estradiol-17. All canned 
foods are autoclaved after canning and the fact that BPA was leached into water 
during autoclaving in these studies suggests that any product packed in similar cans 
will contain BPA. It is also likely that substantially more BPA will leach into fatty 
products. 
Since polycarbonate is so universally used in multiple consumer applications, 
it raises the possibly that this may be a source of environmental estrogens. 
Numerous opportunities exist in the consumer world for plastic containers to 
contaminate their food and beverage contents and thereby perhaps to cause 
exposure to BPA. For example, large water jugs containing purified water are made 
of polycarbonate. Reusable bottles for soda, beer, and other beverages may be 
manufactured from polycarbonate. The packaging of various items for babies 
including food and juice containers, baby bottles, and baby food warmers , all of 
which might be hea,ed in their routine use, is commonly made of polycarbonate. 
Finally, many metal cans used to market soups, fruits, vegetables, milk, and other 
foods are lined with polycarbonate. Since heating may be used to sterilize or cook 
foods in the can the risk of BPA contamination could be high. So as you can see, in 
addition to dental restorations, there are many examples where people may come 
into intimate contact with these materials (Feldman & Krishnan, 1995). 
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Estrogen-estrogen receptor 
Hormones influence many aspects of the body, regulating its metabolism, 
and affecting sexual characteristics . Estrogens are the hormones that influence the 
development and maintenance of female sex characteristics, and the maturation and 
function of the sex organs. Testosterone serves a similar function for males. It is 
clear that a wide variety of both man-made and natural chemicals are capable of 
mimicking this hormone. The strict definition of an estrogenic chemical is one which 
can imitate an estrogen, normally 17-beta-estradiol. But, the phrase is frequently 
used to refer to chemicals which are able to disrupt the hormonal systems 
(Warhurst, 1996). 
Estrogens are chemical signals which are important links in the body's 
internal communication system, helping cells in various organs to sense and 
respond to changing physiological circumstances. Endogenous estrogens are 
steroid hormones, produced from cholesterol in the ovaries of females and the 
testes of males (also, possibly the adrenal cortex of both) in response to signals from 
the brain and other organs. Estrogens are secreted into the blood, where they are 
carried to the cells of target organs, such as the breasts and the reproductive 
organs. Most chemical signal molecules need elaborate systems to enter their target 
area. However, this is not true for endogenous estrogen, which is soluble in fats, like 
the lipid membranes surrounding cells. Estrogen can therefore pass unaided 
through the cellular membrane and once inside can easily enter the nucleus which 
contains the cell's DNA. Inside the nucleus the estrogen binds with a protein, called 
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an estrogen receptor, and can alter the way the gene is expressed. Only certain 
cells contain these proteins, and those are the only ones that can response to 
estrogen. These are called "target cells". Some chemicals have been shown to 
react with these proteins, thus mimicking the expression of the hormones, or blocks 
it, called antiestrogen (Mclachlan & Arnold, 1996). 
Receptor concentrations vary widely under hormonal developmental, genetic , 
pathological and pharmacological circumstances. The imbalance between 
proliferative and differentiative estrogenic effect, caused by quantitative and 
qualitative alteration of the estrogen receptor expression, may play a determinant 
role in mammary neoplastic transformation (Hsueh & Billig, 1995). The studies of 
Petrangeli et al. (1994) demonstrated that estrogen receptor levels are significantly 
higher in human mammary neoplastic tissues when compared to perineoplastic 
tissues and that increased ER expression is associated with ER gene 
hypomethylation. During progressive multifactorial carcinogenesis, ER 
overexpression may represent an early step in neoplastic transformation . Kuller 
(1995) reviewed that breast cancer is likely caused by the interaction of exposure to 
environmental carcinogens at an early age, resulting in initiation of neoplastic 
transformation and growth factors that determine the likelihood of progression to 
clinical disease . The environmental carcinogens are numerous (each contributing 
relatively little to overall risk) and probably interact with genetic "host susceptibility''. 
Most women probably have subclinical breast cancer. The growth of the breast 
cancer is related to sex-hormone levels at the breast and stimulation of local growth 
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factors. Genetic factors (i.e. host susceptibility including polymorphisms related to 
the enzymes that affect hormone levels, estrogen/progesterone receptors and 
protein synthesis) are probably very important. Reproductive and menstrual 
patterning during the premenopause, especially related to pregnancy, menstrual 
cycling and lactation are very important determinants of the risks of breast cancer. 
More attention needs to be placed on the determinants of menstrual cycling and 
hormone levels in premonopausal women, especially the relationship of obesity, fat 
distribution and exercise. The degree of obesity, age at onset of obesity, weight gain 
(peri- to postmenopausal), and possibly body fat distribution are the major 
determinants of postmenopausal estrogen levels and key risk factors for 
postmenopausal breast cancer. Dietary fat, fiber and perhaps other nutrients, also 
contribute to blood estrogen levels. Other hormones, especially insulin and insulin-
like growth factors and possibly testosterone and androgens, may also contribute to 
the increased risk of breast cancer. The reduction of breast cancer incidence and 
mortality will depend, primarily, on modifications of women's lifestyles which would 
move them from higher to lower estrogen characteristics (Kuller, 1995; Frantz & 
Wilson, 1992). 
In addition to endometrial cancer, the effect of estrogenic substances 
includes precocious puberty, gynecomastia, etc. Pseudoprecocious puberty has 
been described as a result of the accidental ingestion of estrogens and of 
contaminated vitamin or isoniazid tablets. One instance of gynecomastia with 
pigmentation in a 4-year-old boy after inhalation of stilbestrol has also been reported. 
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In 1969, Beas et al. reported the observations on 7 infants aged 4 months to 2 
years; 3 female and 4 male, with pseudoprecocious puberty resulting from the 
application of a dermal ointment containing estrogens. The most important clinical 
signs were intense pigmentation of the mammillary areola, linea alba of the 
abdomen and genitals, mammary enlargement and the presence of pubic hair. The 
3 female patients had vagina discharge and bleeding. The common fact found in 
every patient was the use of the same ointment for treatment or prevention of 
ammoniacal dermatitis, for a period of 2 to 18 months, with 2 to 10 daily applications. 
Because of the suspicion of estrogenic contamination of the dermal ointment used in 
every patient, its estrogenic activity was assayed by biological test of the vagina 
opening of castracted female guinea pigs. This test was based upon the fact that 
after oophorectomy the vagina of the guinea pig closed permanently. Only 
administration of estrogens provoked the reopening of the vagina; this was a specific 
response to both natural and synthetic estrogens. The test was done by applying 
the ointment daily with a glass rod on the genital of the guinea pigs to reproduce as 
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closely as possible the clinical conditions. 
A healthy 70-year-old man was reported in 1980 by DiRaimondo et al. that his 
breast had been enlarging and sensitive. The breast tissue was removed and the 
pathological examination revealed benign gynecomastia. Ten months after the left 
mastectomy the right breast was found to be enlarged. The history was reviewed 
with the fact that his wife had been using a vaginal estrogen cream containing 0.01 
percent dienestrol. The wife had used three 2. 75 oz. (77 g) tubes of cream every 
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year for the past eight years. In addition, during the past year the cream was used 
as a lubricant to facilitate intercourse two to three times per week. Use of the 
lubricant became routine for intercourse about 1 ½ months before the patient first 
noted breast enlargement. The amount of cream applied two times per week for 
atrophic vaginitis was about equal to the amount applied two to three times per week 
for lubrication. The amount of estrogen actually absorbed through the penis was 
unknown, but when the exposure to estrogen was terminated, gynecomastia in the 
remaining breast disappeared over three months. And in 1984, Gottswinter et al. 
reported that two men at the age of 48 and 54 developed gynecomastia and lost 
their potency after the use of estrogen containing hair lotions . During exposure to 
the lotion the levels of 17-beta estradiol were increased, whereas the levels of 
testosterone and gonadotropins were depressed. Thus, a previous application of 
such hair lotions should be considered in the differential diagnosis of gynecomastia. 
Chromatography 
Chromatography is a process to separate the components in a mixer 
depending on differences in partitioning behavior between a stationary phase and a 
flowing mobile phase. 
A sample that requires analysis is usually a mixture of different components 
in a complex matrix. For examples with unknown compounds, the constituents must 
be isolated from each other so that each singular component can be identified by 
other analytical methods. The separation properties of the components in a mixture 
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are constant under constant conditions, and therefore once determined they can be 
applied to identify and quantify each of the components. Such methods are typical 
in chromatographic and electrophoretic analytical separations. A mixture can be 
separated by using the differences in the individual components, physical properties, 
for example, density, size or chemical properties, for example, solubility, boiling 
point, vapor pressure. 
Specific chromatographic methods: 
■ Gas chromatography (GC) 
■ Liquid chromatography (LC) 
■ Thin layer chromatography (TLC) 
Components from a mixture can be separated and quantified by 
chromatographic techniques. Each component can be collected by some 
chromatographic instrument for further analysis. An analytical instrument can be 
joined with a separation method for on-line analysis. Some examples of such 
"hyphenated techniques" include gas and liquid chromatography with mass 
spectrometry (GC/MS and LC/MS), Fourier-transform infrared spectroscopy 
(GC/FTIR) and diode-array UV-VIS absorption spectroscopy. 
In this study. three major methods were used: 
■ High performance liquid chromatography (HPLC) 
■ Diode-array UV-VIS absorption spectroscopy 
■ Gas chromatography/mass spectrometry (GC/MS) 
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High performance liquid chromatography (HPLC) 
HPLC is one method of chromatography and is the most widely used 
analytical technique (Kazakevich Y, McNair HM, 1996). It was developed during the 
1960s and was consistently improved during the 1970s and 1980s. Like all 
chromatographic techniques, it functions by separating the different chemical 
species in a mixture from each other. What sets HPLC apart from other methods is 
its capacity to accomplish this with great speed, sensitivity, reproducibility and 
accuracy and its applicability to an enormous variety of compounds. 
HPLC is, first of all, LC. It can be used to separate many more compounds 
than the complementary technique of GC because only a minority of chemical 
compounds are volatile enough for GC. Unless a compound is volatile, it cannot 
exist in the gas mobile phase of GC. HPLC can be distinguished from other 
chromatographic methods by using liquid mobile phase. HPLC utilized solid 
matrices in a column while TLC uses similar matrices or plates and paper 
chromatography uses paper instead of the matrices of HPLC or TLC. HPLC, then, is 
an analytical procedure that incorporates the latest instrumentation, proven theory 
and the wealth of chemical interaction knowledge . reaching back through the entire 
history of LC in all its forms (Bakalyar SR, 1981 ). 
HPLC instrumentation involves a pump, injector, column, detector and 
recorder or data system. The core of the system is the column where separation 
occurs. The column in HPLC includes a two-phase system: the mobile phase and 
the stationary phase. Since the stationary phase consist of micrometer size porous 
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particles, a high pressure pump is required to move the mobile phase through the 
column. The chromatographic procedure starts by injecting the solute onto the top 
of the column. Separation of components takes place as the analytes and mobile 
phase are pumped through the column with each component exhibiting different 
partitioning between mobile and stationary phase. Ultimately, each component 
elutes from the column as a thin band (or peak) on the recorder. Detection of the 
eluting components is important, and this can be either selective or universal, 
depending upon the detector used. The response of the detector to each 
component is exhibited on a chart recorder or computer screen and is known as a 
chromatogram. To collect, store and analyze the chromatographic data, computers, 
integrators and other data processing equipment are commonly used (Kazakevich Y, 
McNair HM, 1996) . 
Mobile phase 
The mobile phase in HPLC refers to the solvent being continuously applied 
to the column, or stationary phase. The mobile phase acts as a carrier for the 
sample solution. A sample solution is injected into the mobile phase of an assay 
through the injector port. As a sample solution flows through a column with the 
mobile phase, the components of that solution migrate according to the non-covalent 
interactions of the compound with the column. The chemical interactions of the 
mobile phase and sample, with the column, determine the degree of migration and 
separation of components contained in the sample. For example, those samples 
which have stronger interactions with the mobile phase than with the stationary 
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phase will elute from the column faster, and thus have a shorter retention time, while 
the reverse is also true. The mobile phase can be altered in order to manipulate the 
interactions of the sample and the stationary phase. There are several forms of 
mobile phases, these include: isocratic, gradient. Gradient form was utilized in this 
study. 
In isocratic elution compounds are eluted using constant mobile phase 
composition. All compounds begin migration through the column at onset. 
However, each migrates at a different rate, resulting in faster or slower elution rate. 
This type of elution is both uncomplicated and inexpensive, but resolution of some 
compounds is questionable and elution may not be obtained in a reasonable amount 
of time. 
In gradient elution different compounds are eluted by increasing the strength 
of the organic solvent. The sample is injected while a weaker mobile phase is being 
applied to the system. The strength of the mobile phase is later increased in 
increments by raising the organic solvent fraction, which subsequently results in 
elution of retained components. 
Stationary phase 
The stationary phase in HPLC pertains to the solid support contained within 
the column over which the mobile phase continuously flows. Columns containing " 
different types of stationary phase are commercially available. Some of the more 
common stationary phases include: size exclusion, normal phase, reverse phase, 
ion exchange and affinity. 
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In this current study, reverse phase was used. Reverse phase 
chromatography operates on the basis of hydrophilicity and lipophilicity. The 
stationary phase consists of silica based packings with n-alkyl chains covalently 
bound. For example , C-8 signifies an octyl chain and C-18 an octadecyl ligand in 
the matrix. The more hydrophobic the matrix is, the greater the tendency of the 
column to retain hydrophobic moieties. Thus hydrophilic compounds elute more 
quickly than do hydrophobic compounds. 
The main features of reverse phase chromatography are: 
1. Polar compounds elute before non-polar compounds. 
2. Equilibration times when solvent are changed or during gradient elution 
are short. 
3. The method is flexible in that a wide range of sample types can be 
analyzed. It can, for example, be used for the separation of mixtures of 
ionic and non-ionic components, particularly if buffered aqueous phases 
or ion suppression methods are used. It has been shown to be useful for 
water soluble compounds and, in particular, biological and biochemical 
separations. 
4. An increase in the concentration of the organic solvent in the mobile 
phase will cause a decrease in retention time. 
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Diode-array UV-VIS absorption spectroscopy 
Photodiode array detectors can be used to measure and detect samples over 
the entire UV to visible (UV-VIS) spectrum. They are highly beneficial tools in 
identification and analysis of sample compounds. To detect over an entire spectrum, 
the detector must proceed in one of two ways. The first method is to scan across the 
whole spectral region, which may be accomplished by a scanning monochromator 
spectrometer while the second method is to measure the absorbance at all 
wavelengths simultaneously. 
A standard scanning monochromator spectrometer uses a tungsten or 
deuterium lamp that emits a continuous light source. The light is then directed 
across a grating or prism which reflects the light through an exit slit to the sample 
cell. The sample is then detected by a photomultiplier tube. The wavelength of the 
light can be adjusted by rotating the grating or prism, but only one region can be 
scanned at a time. Subsequently, data points are achieved at different times , which 
may hinder efficiency and accuracy. 
The second method involves monitoring the entire UV-VIS region 
simultaneously. One technique is to use several photomultiplier tubes positioned to 
detect in the spectral regions of interest. Another is to use the linear photodiode 
array spectrophotometer simultaneously. No monochromatic light is required and 
data can be retrieved in milliseconds. The flexibility of LPDA rapid detection allows 
additional applications such as analyzing kinetic or chemical intermediates, or 
separating and analyzing overlapping chromatographic peaks using spectrography. 
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Gas chromatography/mass spectrometry (GC/MS) 
Gas chromatography (GC) 
GC is a chromatographic method that can be used to separate volatile 
organic compounds. A gas chromatograph includes a flowing mobile phase , an 
injection port, a separation column containing the stationary phase and a detector. 
The organic compounds are separated due to differences in their partitioning 
behavior between the mobile gas phase and the stationary phase in the column. 
Mobile phases are generally inert gases such as helium, argon or nitrogen. 
The injection port consists of a rubber septum through which a syringe needle is 
inserted to inject the sample . The injection port is kept at a higher temperature than 
the boiling point of the least volatile component in the sample mixture. Since the 
partitioning behavior is dependant on temperature , the separation column is usually 
contained in a thermostat-controlled oven. Separating components with a wide 
range of boiling points is achieved by starting at a low oven temperature and 
increasing the temperature over time to elute the high-boiling point components. 
Most columns contain a liquid stationary phase on a solid support. Separation of 
low-molecular weight gases is a accomplished with solid adsorbents (Tissue BM, 
1996). 
Mass spectrometry (MS) 
MS is useful for quantitation of atoms or molecules and also for determining 
chemical and structure information about molecules. Molecules have distinctive 
fragmentation patterns that provide structure information to identify structural 
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components. In general a mass spectrometer consists of an ion source, a mass-
selective analyzer and an ion detector. A mass spectrometer works by using 
magnetic and electric fields to exert forces on charged particles (ions) in a vacuum. 
A compound must be charged or ionized to be analyzed. Furthermore, the ions 
must be introduced in the gas phase into the vacuum system of the mass 
spectrometer. This is quite easily done for gaseous or heat-volatile samples. 
However, many (thermally labile) analytes disintegrate upon heating. These kinds of 
samples require either desorption or desolvation methods if they are to be 
investigated by mass spectrometry. Although ionization and desorption/desolvation 
are usually separate procedures , the term "ionization method" is frequently used to 
refer to both ionization and desorption (or desolvation) methods. 
The choice of ionization method depends on the nature of the sample and the 
type of information required from the analysis. Electron ionization (El), a method of 
gas-phase ionization, was used in this study. This method relies upon ionizing gas-
phase samples. The samples are usually introduced through a heated batch inlet, 
heated direct insertion probe or a gas chromatograph. 
Electron ionization (El) 
Also known as electron impact ionization, this is the oldest and best-
characterized of all the ionization methods. A beam of electrons passes through the 
gas-phase sample. An electron that strikes with a neutral analyte molecule can strip 
off another electron , resulting in a positively charged ion. The ionization process can 
either bring about a molecular ion which will have the same molecular weight and 
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elemental composition of the starting analyte, or it can create a fragment ion which 
corresponds to a smaller piece of the analyte molecule. 
The ionization potential is the electron energy that will produce a molecular 
ion. The appearance potential for a given fragment ion is the electron energy that 
will produce that fragment ion. The majority of mass spectrometers use electrons 
with an energy of 70 electron volts (eV) for El. Decreasing the electron energy can 
reduce fragmentation, but it also reduces the number of ions formed. 
El has several benefits. It is well-understood and can be applied to virtually 
all volatile compounds. Reproducible mass spectra can be obtained. Fragmentation 
provides structural information. Libraries of mass spectra can be searched for El 
mass spectral "fingerprints " . 
But it also has some limitations. Samples must be thermally volatile and 
stable. The molecular ion may be weak or absent for many compounds. A mass 
range that can be analyzed is low, typically less than 1,000 Daltons. 
Mass spectrometers are useful for all kinds of chemical analyses , ranging 
from environmental analysis (e.g. detection of poisoning such as dioxin) to the 
analysis of petroleum products , trace metals and biological materials (including the 
proteins, oligosaccharides and oligonucleotides). 
A brief explanation of what MS provides 
Using water (H20) as an example, a water molecule consists of two hydrogen 
atoms (H) and one oxygen atom (0). The total mass of a water molecule is the sum 
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of the mass of two hydrogen atoms (approximately 1 atomic mass unit per hydrogen 
atom) and one oxygen atom (approximately 16 atomic mass units per oxygen atom): 
H: 1 u (atomic mass units) 
+ H: 1 u 
+ 0: 16 u 
= H20 18 u 
Suppose that some water vapor was put into the mass spectrometer. A very 
small amount of water is all that is needed-the water is introduced into a vacuum 
chamber (the "ion source") of the mass spectrometer. If a beam of electrons is 
aimed through the water vapor, some of the electrons will collide with the water 
molecules and strip off an electron. If an electron is removed from the (neutral) 
water molecule ,. the water will be left with a net positive charge, producing positively 
charged particles, or "ions" from the water: 
H2O + 1 (fast) electron ---+ [H2or + 2 electrons 
Some of the collisions between the water molecules and the electrons will be 
so severe that the water molecules will be broken into small pieces or "fragments" . 
For water, the only possible fragments will be [OHr, O+ and H+. 
The mass spectrum of water will show peaks that can be assigned to masses 
of 1, 16, 17 and 18. 
Relative Abundance 
1 
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Mass spectrum of water 
18 
1 
1 
Mass 
(mass-to-charge ratio) 
Only certain combinations of elements can be assembled into molecules of 
identical masses . For example, the ammonium ion [NH4r also has an approximate 
mass of 18 atomic mass units, but in the case of ammonium ions, there would be 
peaks at mass 14 and 15 in the mass spectrum of ammonia corresponding to a N+ 
and [NHr (nitrogen is atomic mass 14) (JOEL, 1997). So the overall fragmentation 
pattern is determined by the structure of the molecule. 
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OBJECTIVES OF THE STUDY 
To identify and quantify BPA and other key leachable components (TEGDMA, 
UDMA, Bis-GMA, Bis-OMA) released from 7 different brands of dental pit and fissure 
sealants. 
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Materials 
Seven commercially available light-cured pit and fissure sealants were 
selected for use in this investigation. A list of these sealants by brand name along 
with the manufacturer's name and batch number is presented in Table I. 
The resin matrix of most dental sealants is a copolymer of TEGDMA and Bis-
GMA. Some products use UDMA as the main component. For comparison, 
standards of BPA (Figure 1A) (Polysciences, Inc., Warrington, PA), TEGDMA 
(Figure 1 B) (Polysciences, Inc., Warrington , PA), Bis-GMA (Figure 1 C) 
(Polysciences, Inc., Warrington, PA), UDMA (Figure 1 D) (Esschem Inc., Linwood, 
PA) and - Bis-OMA (Figure 1 E) (Polysciences, Inc., Warrington , PA) were used 
without further purification. 
Methods 
Approximately 50 µI of each sealant were placed in a glass dappen dish at 
room temperature (Figure 2) and cured with a light curing device (XL 3000, 3M 
Dental Products) for 50 seconds. The end of the light curing tip was held at a 
distance of 2 mm from the surface of the sealants. After curing, the sample was 
removed from the dappen dish (Figure 3), weighed and transferred to a glass test 
tube. Three samples were made from each sealant using the same steps. Each 
sealant sample was extracted with 100 µI of 95% ethanol for 4 minutes (Figure 4), 
50 
the samples were removed from the ethanol and the extracts were analyzed by high 
performance liquid chromatography (HPLC) (Figure 5). 
Ten microliters of each eluate were diluted with 90 µI of 50% acetronitrile in 
water (v:v) (solvent A) and thoroughly mixed with a laboratory vortex mixer. Five 
microliters of solution were subjected to HPLC using a Nova Pak C18 column (3.9 x 
150 mm HPLC column, Waters, Milford, MA) attached to a Hewlett Packard series 
HP1100 HPLC system. Compounds were eluted using a gradient of 50% 
acetronitrile in water (solvent A) and 100% acetronitrile (solvent 8) in the following 
manner: 0-10 min, 0-67% solvent B; 10-11 min, 67-100% solvent B; 11-12.5 min, 
100% solvent 8 at a flow rate of 1 ml/min. Elution of each compound was monitored 
by absorbance at 215 nm using a dedicated HP diode array detector. Spectra were 
also obtained from 210-400 nm using the same detector. 
Standard solutions containing SPA, TEGDMA, Bis-GMA, UDMA and Bis-OMA 
at concentrations of 0.1 mg/ml were analyzed by HPLC under the same conditions. 
All chromatograms of the extracts were compared to the standards for identification 
of the components in each extract. The concentration of each component was 
calculated by integration using the standards as references. Each one of the 
extracts was analyzed twice. The average weight of each component released per 
weight of sealant was expressed as the mean .:!:. standard deviation of the mean. 
Differences in the release of each component from the sealants was analyzed using 
either a one way analysis of variance with Student-Newman-Keuls test or a non 
paired t-test at p<0.05. 
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One of the tested sealants, Delton, which has previously been reported to 
leach BPA (Olea et al.), was selected for further analysis by gas 
chromatography/mass spectroscopy (GC/MS) using a Finnigan MAT GCQ analyzer 
(San Jose, CA). Ethanol extracts from 100 mg of cured Delton sealant were 
evaporated to dryness. The dried fraction was redissolved in 200 µI of 100% ethanol 
and 0.5 µI of the solution was injected into a 30-m DB-5 column at a flow rate of 1 
ml/min, with helium as the carrier gas. The oven temperature was programmed to 
increase from 75°C to 150°C at 20°C/min, followed by 1 min at 150°C and finally from 
150°C to 300°C at a rate of 8°C/min. The ion source temperature was 200°C. 
Each component of "unknown I", TEGDMA, Bis-GMA and Bis-OMA from the 
sealant Delton was collected from different injections from HPLC analysis and further 
analyz~d by GC/MS using the same steps and conditions as above. 
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HPLC analysis 
The BPA standard had a retention time at 2.05 min (Figure 6). 
Chromatograms of all sealants tested displayed no peaks with the same retention 
time as BPA standard. Chromatograms of all sealants except Seal-Rite II exhibited 
each a small peak with a retention time of 2.32 min which was very close to that of 
BPA. These peaks were designated as "unknown I". Standards of TEGDMA, 
UDMA, Bis-GMA and Bis-OMA had retention times of 2.95, 4.75, 5.7 and 10.5 min, 
respectively (Figure 6). When the extracted fraction from the sealant Delton was 
injected into HPLC, several major peaks were found. Peaks with retention times of 
2.95, 5. 7 and 10.5 min were identified as TEGDMA, Bis-GMA and Bis-OMA, 
respectively (Figure 78) based on the retention times of th~ standards (Figure 7 A). 
When the extracted fraction of the sealant Delton was combined with the standards, 
peaks of the BPA standard and "unknown I" occured at different retention times 
(Figure 7C). Chromatograms of Concise, Helioseal and Prisma:shield exhibited 
peaks of "unknown I", TEGDMA and Bis-GMA (Figure 88, 98, 108) which 
corresponded to the retention times of the standards in Figure 8A, 9A and 1 0A, 
respectively. When the extracted fraction of the sealants Concise, Helioseal and 
Prisma:shield were combined with the standards , peaks of the BPA standard and 
"unknown I" occured at different retention times (Figure BC, 9C, 1 0C). The 
chromatogram of Seal-Rite I displayed peaks for "unknown I" and Bis-GMA (Figure 
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11 B) which had the same retention time as the standard (Figure 11 A). When the 
extracted fraction of the sealant Seal-Rite I was combined with the standards, peaks 
of the BPA standard and "unknown I" appeared at different retention times (Figure 
11 C). Only Seal-Rite II exhibited a peak for UDMA with retention time of 4.75 min 
(Figure 12B) which coincided to the retention time of the UDMA standard (Figure 
12A). Seal-Rite II showed no "unknown I" (Figure 12B, 12C). Chromatogram of 
leachable components from Seal-Rite II plus standards was displayed in Figure 12C. 
The chromatogram for the sealant Defender showed similar peaks as those 
observed for Delton (Figure 13B) and corresponded to the standards in Figure 13A. 
When the extracted fraction of the sealant Defender was combined with the 
standards, peaks of the BPA standard and "unknown I" occured at different retention 
times (Figure 13C). 
The mean weight (µg) and standard deviation of ,extracted fraction per mg of 
sealant were calculated from the chromatograms and are shown in Table II. 
Prisma:shield leached significantly less "unknown I" than Defender, Concise 
and Helioseal (p<0.05). The amount of "unknown I" was calculated by using Bis-
GMA standard as reference due to the spectra that are similar (Figure 14). Delton 
leached the most TEGDMA while Prisma:shield leached the least. Delton and 
Concise leached significantly more TEGDMA than Helioseal , Prisma:shield and 
Defender (p<0.05). Prisma:shield, Seal-Rite I and Defender had significantly lower 
Bis-GMA leachability than Helioseal, Concise and Delton (p<0.05). Only two 
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sealants eluted Bis-OMA, Delton and Defender with Delton leaching significantly 
more Bis-OMA than Defender (p=0.006). 
To further distinguish "unknown I" from BPA, UV spectra were recorded. It 
was clear that "unknown I" was different from BPA because they exhibited distinctly 
different spectra (Figure 14). BPA absorbed more strongly than "unknown I" at all 
wavelengths between 210 and 300 nm. 
GC/MS analysis 
GC/MS of the sealant Delton verified the components TEGDMA and Bis-
DMA. TEGDMA standard exhibited at a retention time of 13.38 min by GC (Figure 
15A) and had a mass spectrum consistent with its structure (Figure 15B). The 
TEGDMA peak of the extracted fraction from Delton matched both GC/MS of pure 
TEGDMA (Figure 16A, 168). Bis-OMA standard displayed a peak with a retention 
time of 22.59 min by GC (Figure 17 A) and had a mass spectrum consistent with its 
structure (Figure 1713). Extracted fraction of Bis-OMA peak from Delton exhibited a 
major peak at 22.54 min by GC (Figure 18A) and was verified by MS by the 
presence of peaks at 364, 349 (Figure 188). Bis-GMA could not be analyzed by 
GC/MS due to some physical properties. It was not volatile. UDMA was not 
analyzed by GC/MS. BPA standard exhibited at a retention time of 17.17 min by GC 
(Figure 19A) and was identified by MS by the presence of peaks at 228, 213, 195, 
119 and 91. This spectrum was identical to that reported in a previous study (Olea 
et al., 1996) (Figure 198). No peak with a retention time of 17.17 min was detected 
56 
in the gas chromatogram of the extracted fraction from Delton. Peaks with retention 
times of 13.44 and 22.58 min in that chromatogram were identified as TEGDMA and 
Bis-OMA, respectively (Figure 20). 
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As mentioned earlier , a study by Olea et al in 1996 concluded that chemicals 
in dental sealants and composite fillings can leach out and mimic the naturally 
occurring female hormone estrogen, thus raising concerns about the safety of these 
dental materials . Specifically , BPA, the precursor of many monomers including Bis-
OMA which is used widely in composites and sealants, demonstrated estrogen-like 
activity when tested in tissue cultures of breast tumor cells. The results of this study 
contradict the conclusion of the study by Olea et al. in regard to the leachability of 
BPA from dental sealants . In addition to HPLC, two other methods were used in this 
study to verify the absence of SPA: UV spectral analysis of the HPLC separated 
components, and mass spectroscopy of GC separated components. 
Of particular interest was the peak designated as "unknown I" which had a 
retention time very close to that of the BPA standard in the HPLC analysis. This 
peak was found in the chromatograms of all Bis-GMA based resin sealants but not 
the UDMA based Seal-Rite II sealant. Peaks of "unknown I" and SPA standard were 
additionally distinguished by UV spectra. It is clear that "unknown I" was different 
from SPA standard. By GC/MS , SPA standard was identified with a retention time of 
17.17 min. No peak was detected with the same retention time as SPA standard in 
the extracted fraction from the sealant Delton. Therefore by the fact that SPA was 
not detected by any method , it may be concluded that it is not capable of being 
leached out of the tested sealants. 
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Although no SPA was detected as an eluate from the tested sealants, Bis-
DMA, a monomer used in some composite and sealant formulations , was found in 
two of the sealants tested. This component was demonstrated to be estrogenic in 
the Olea et al. (1996) study. Bis-OMA is not hydrolyzed in saliva to make available 
the suspect estrogenic chemical SPA (Bean & Williams, 1997). However , further 
experiments are needed to confirm the estrogenicity and physiologic assimilation of 
this compound. 
The resin-based sealant and composite restorative materials used in dentistry 
contain two major components ; an organic resin matrix and an inorganic filler (Craig, 
1993). The base monomers used to form the polymeric matrix for dental sealants 
and composites are dimethacrylates such as Bis-GMA or UDMA (Ruyter , 1985). 
These base monomers, have molecular weights of 500-1000 g/mol and may need 
substantial dilution to be workable. TEGDMA is a typical diluent monomer 
(Ferracane , 1994). A few products use both Bis-GMA and UDMA oligomers (Craig, 
1993). HPLC was used to separate compounds that were dissolved in solution. In 
this study, TEGDMA was a major component found in most of the sealants except in 
Seal-Rite I & II. Bis-GMA was a component found in Bis-GMA based sealants. Seal-
Rite II was the only sealant tested which is a UDMA based sealant and leached 
UDMA. This study was similar to other studies . Using HPLC Inoue & Hayashi 
(1982) verified that Bis-GMA and other monomers were eluted from eight different 
composites which were soaked in water for 2 weeks. Also , Okamoto et al. (1986) 
identified Bis-GMA, TEGDMA and other components leached from composites aged 
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in water by using HPLC. The chemical composition of the orthodontic adhesive 
resins used for bonding brackets is very similar to that of dental composites and 
sealants (Thompson, Miller & Bowles, 1982). 
There are numerous factors and conditions that play roles in the process of 
elution from dental composite materials. One factor relates to the amount of 
leachable molecules, and the number of unreacted monomers which can be affected 
by the degree of polymerization. Another factor , the chemistry of the solvent has 
been shown to have a significant effect on the extent of the elution. Also , the size 
and chemical composition of the elutable species plays a role (Ferracane, 1994). In 
a clin~cal dental setting, depth of curing, intensity of light and curing time would all 
play roles in elution (Ferracane & Condon, 1990; Pearson & Longman, 1989; 
Rueggeberg & Craig, 1988; Tanaka et al., 1991 ). Incomplete polymerization and 
non-conversion of monomer may result in the loss of resin and this may affect the 
biological compatibility of the material (Braden & Clarke, 1984). In this study, 50 
seconds curing time was used to cure all samples of the sealant. Tanaka et al. 
(1991) showed that increasing the curing time from 30 s to 50 s resulted in a 
significant decrease in residual monomer levels and the rate at which they were 
eluted into water. Pearson and Longman (1989) also observed after reduced curing 
an increase in solubility by a factor as high as six. 
The type of solvent that the sealant material is soaked in may have a 
substantial effect on the amount of molecules eluted . Several studies have stated 
that using organic solvents resulted in a greater quantity of material eluted and a 
61 
softer composite surface (Ferracane & Condon, 1990; Rathbun et al., 1991; Tanaka 
et al., 1991; Thompson et al., 1982; Wu & McKinney, 1982). In this study 95% 
ethanol was used to extract leachable components from dental sealants. Each 
sealant sample was placed in the solvent for 4 minutes and then the samples were 
removed from the solvent. A recent study indicated that the highest mean release 
rate of TEGDMA from sealants immersed in purified water was observed to be in the 
first 4.32 min and declined thereafter (Hamid & Hume, 1997). The use of ethanol for 
extraction would exaggerate the amount of components leached compared to water 
or saliva . 
... In this study, inhibited layers of surfaces of the cured sealant were not wiped 
off or rinsed in order to lessen unpolymerized area of the sealant as performed in 
clinical practice and this can intensify the amount of leachable components into 
solvent. In the oral environment, various studies demonstrated that enzymes in 
human saliva are capable of softening the surface of dimethacrylate polymers 
presumably by inducing a hydrolysis of methacrylate ester bonds (Larsen & 
Munksgaard, 1991; Freund & Munksgaard, 1990; Munksgaard & Freund, 1990). In 
addition, microorganisms have been shown · to adhere to composite surfaces 
causing an increase in the hydrolase activity (Yamamoto et al., 1989). Furthermore, 
some food-simulating liquids , organic acids in food and beverages as well as organic 
acids produced in dental plaque adhering to a composite surface may cause a 
softening of the polymer matrix of the composites (Larsen & Munksgaard, 1991; Wu 
& McKinney, 1982). The oral cavity probably presents an environment somewhere 
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between pure water and the more aggressive solvents like ethanol (Ferracane, 
1994). 
In this study, it was found that the monomer was leached in a range of 0.7-
2.4% of original weight of the cured sealant over a 4 minute time period. Of all 
sealants tested, TEGDMA , Bis-GMA, UDMA and Bis-OMA were leached out into 
95% ethanol approximately in a range of 0.5-1.3%, 0.1-0.9%, 0.7% and 0.03-0.12%, 
respectively. In 1982, Inoue & Hayashi studied a method of measuring the residual 
monomer of a range of composite materials and to determine the percentage of 
monomer eluted into water from material which had been soaked in water from the 
setting time. They found residual monomer of Bis-GMA was detected in all the 
composites tested and the amount of monomer at the setting time was in the range 
of 0.4-1.21 % of the original weight of the cured composites. They further determined 
that only 0.04-0.12% of the initial composite weight could be eluted into water over a 
13 day period, and that the elution reached a constant level after 3 days. Thus only 
10% or less of the monomer was capable of being extracted into water. In this 
study, Bis-GMA was eluted approximately 0.1-0.9% of the original weight of the 
cured sealant which was much more than that of the previous study. The difference 
can be explained by the weight of the composite which was heavier than that of the 
sealant and the solvent used which was different despite ,the extraction time in our 
study being shorter. Ferracane & Condon (1990) studied the elution of unreacted 
components from a composite and an unfilled dimethacrylate resin placed in water 
within 10 minutes after curing and found levels of elution of 1.5-2.0% for the 
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materials over a 7 day period. In this current study, similar levels of elution over a 
shorter time period were obtained, possibly due to using ethanol as the solvent 
which has been shown to maximize the amount of leachable components. 
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CONCLUSION 
In this study BPA could not be detected in eluates from any of the seven 
sealants tested. However, other components were found to be leached from the 
sealants tested. TEGDMA leached from all sealants except Seal-Rite I and II. Bis-
GMA leached from all Bis-GMA based sealants whereas UDMA was found to be 
leached in only Seal-Rite II. Bis-OMA was detected in only two of the sealants. 
Since it was concluded that BPA does not leach out of sealants, it is believed 
that at this time it is not necessary to change or restrict the use of dental sealants in 
children or adult patients. However, further studies may be required to assess the 
biologic effects of the other leached components that were detected. 
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Table I. Commercial light cured fissure sealants used in the study 
Dental Sealant Manufacturer Batch Number 
Delton Dentsply (York, PA) 960305 
Concise 3M (St. Paul, MN) 19960710 
Helioseal Vivadent (Schaan , Liechtenstein) 614912 
Prisma:Shield Dentsply (Milford, DE) 950706 
Seal-Rite I (Bis-GMA) Pulpdent (Watertown , MA) 960717 
Seal-Rite II (UDMA) Pulpdent (Watertown , MA) 961125 
Defender Henry Schein Inc. (Port Washington , NY) F6019 
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Table II. Mean weight (µg) and standard deviation of extracted fraction per 1 mg of · 
sealant 
BPA Unknown I TEGDMA Bis-GMA UDMA Bis-OMA 
Delton N.D. 0.22±0 .04 13.62±2 .18 9.31±1 .95 N.D. 1.23±0.26 
Concise N.D. 0.27±0 ,08 11.55±2.96 8.56±3 .15 N.D. N.D. 
Helioseal N.D. 0.27±0 .02 7.18±0.44 7.82±0.46 N.D. N.D. 
Prisma:shield N.D. 0.13±0.03 5.62±1 .27 1.65±0.32 N.D. N.D. 
Seal-Rite I N.D. 0.19±0 .02 N.D. 3.98±0 .32 N.D. N.D. 
Seal-Rite II N.D. N.D. N.D. N.D. 7.32±0.4 N.D. 
Defender N.D. 0.24±0.03 5.88±0 .79 4.2±0 .65 N.D. 0.39±0.06 
N.D. = not detected 
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Figure 1. Molecular structure and molecular weight of components in the study 
A) Bisphenol-A (BPA) 
C1sH1502 
(4,4' -isopropylidenediphenol; 2,2-bis(4-hydroxyphenyl) propane) 
MW: 228.28 
0- CHD HO ~ OH CH -3 
B) Triethyleneglycol dimethacrylate (TEGDMA) 
C14H2205 
MW: 286.2 
C) Bisphenol-A diglycidyl methacrylate; Bisphenol-A bis (2-hydroxypropyl) 
methacrylate (Bis-GMA) 
C29H350a 
(2,2-bis [4 (2-hydroxy-3-methacryloyloxy-propyloxy)-phenyl] propane; 2,2-bis [4-
(2-hydroxy-3-methacryloxypropoxy)phenyl]propane) 
MW: 510.6 
D) Urethane dimethacrylate (UDMA) 
C24H40N20a 
71 
(Bis (2-methacryloxyethyl) N,N'-1,9-nonylene biscarbamate) 
MW: 470.6 
E) Bisphenol-A dimethacrylate (Bis-OMA) 
C23H2s04 
(2,2-bis (4-methacryloxyphenyl) propane 
MW: 364.4 
O OCHD 0 II I II 
CH2=C-C-O C · O-C-C=CH2 I I I CH3 -- CH3 -- CH3 
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Figure 2. Sealant was placed in a glass dappen dish. 
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Figure 3. After curing, the sealant sample was removed from the dappen dish. 
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Figure 4. Each sealant sample was extracted with 100 µI of 95% ethanol for 4 minutes. 
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Figure 5. The extract after the sealant sample was removed from the ethanol. 
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Figure 6. HPLC chromatogram of standards (1, BPA; 2, TEGDMA; 3, UDMA; 4, Bis-
GMA and 5, Bis-OMA) 
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Figure 7. HPLC chromatograms of A) Standards (1, SPA; 2, TEGDMA; 3, Bis-GMA 
and 4, Bis-OMA) B) Leachable components from Delton (2, TEGDMA; 3, Bis-GMA; 4, 
Bis-OMA and 5, "unknown I") and C) Leachable components from Delton plus 
standards. Note that SPA (peak I) and "unknown I" (peak 5) do not coincide . 
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Figure 8. HPLC chromatograms of A) Standards (1, BPA; 2, TEGDMA; 3, Bis-GMA 
and 4, Bis-OMA) 8) Leachable components from Concise (2, TEGDMA; 3, Bis-GMA; 
and 5, "unknown I") and C) Leachable components from Concise plus standards. Note . 
that BPA (peak 1) and "unknown I" (peak 5) do not coincide . 
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Figure 9. HPLC chromatograms of A) Standards (1, BPA; 2, TEGDMA; 3, Bis-GMA 
and 4, Bis-OMA) B) Leachable components from Helioseal (2, TEGDMA; 3, Bis-GMA; 
and 5, "unknown I") and C) Leachable components from Helioseal plus standards. 
Note that BPA (peak 1) and "unknown I" (peak 5) do not coincide. 
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Figure 10. HPLC chromatograms of A) Standards (1, BPA; 2, TEGDMA; 3, Bis-GMA 
and 4, Bis-OMA) B) Leachable components from Prisma:shield (2, TEGDMA; 3, Bis-
GMA; and 5, "unknown I") and C) Leachable components from Prisma:shield plus 
standards .. Note that BPA (peak 1) and "unknown I" (peak 5) do not coincide . 
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Figure 11. HPLC chromatograms of A) Standards (1, SPA; 2, TEGDMA; 3, Bis-GMA 
and 4, Bis-OMA) 8) Leachable components from Seal-Rite I (3, Bis-GMA and 5, 
"unknown I") and C) Leachable components from Seal-Rite I plus standards. Note that 
SPA (1) and "unknown I" (5) do not coincide. The major peak (6) eluting at 7.25 min 
was only observed in Seal-Rite I & II. It is claimed by the manufacturer to be 
hexamethyleneglycol dimethacrylate (1,6-hexanediol dimethacrylate). 
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Figure 12. HPLC chromatograms of A) Standards (1, BPA; 2, TEGDMA; 3, UDMA; 4, 
Bis-GMA and 5; Bis-OMA) B) Leachable components from Seal-Rite II (3, UDMA) and 
C) Leachable components from Seal-Rite II plus standards (1, BPA; 2, TEGDMA; 4, 
Bis-GMA and 5, Bis-OMA). The major peak (peak 6) eluting at 7.25 min was only 
observed in Seal-Rite I & II. It is claimed by the manufacturer to be hexamethylene 
glycol dimethacrylate (1,6-hexanediol dimethacrylate) . 
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Figure ·13. HPLC chromatograms of A) Standards (1, BPA; 2, TEGDMA; 3, Bis-GMA 
and 4, Bis-OMA) B) Leachable components from Defender (2, TEGDMA; 3, Bis-GMA; 
4, Bis-OMA and 5, "unknown I") and C) Leachable components from Defender plus 
standards. Note that SPA (peak I) and "unknown I" (peak 5) do not coincide. 
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Figure 14. UV spectra of 1) Bisphenol-A standard at retention time of 2.05 min. 2) 
"Unknown I" peak at retention time of 2.3 min. 3) Bis-GMA peak at retention time of 5.7 
min. 
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Figure 15. Gas chromatography/mass spectrometry (GC/MS) analysis 
A) GC of pure TEGDMA. TEGDMA eluted at a retention of 13 .38 min. 
8) Mass spectrum taken at 13.38 min in GC analysis of pure TEGDMA . 
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Figure 16. Gas chromatography/mass spectrometry (GC/MS) analysis 
A) GC of the extracted fraction of TEGDMA from Delton. The TEGDMA 
peak eluted at a retention of 13.36 min. 
B) Mass spectrum taken at 13.36 min.in GC analysis of the TEGDMA peak. 
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Figure 17. Gas chromatography/mass spectrometry (GC/MS) analysis 
A) GC of pure Bis-OMA. Bis-OMA eluted at a retention of 22.59 min. 
8) Mass spectrum taken at 22.59 min in GC analysis of pure Bis-OMA. 
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Figure 18. Gas chromatography/mass spectrometry (GC/MS) analysis 
A) GC of the extracted fraction of Bis-OMA from Delton . The Bis-OMA 
peak eluted at a retention of 22.54 min. 
B) Mass spectrum taken at 22.54 min in GC analysis of the Bis-OMA peak. 
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Figure 19. Gas chromatography/mass spectrometry (GC/MS) analysis 
A) GC of pure bisphenol-A (SPA). BPA eluted at a retention of 17.17 min. 
B) Mass spectrum taken at 17.17 min in GC analysis of pure BPA. 
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Figure 20. Gas chromatography analysis of extracted fraction from Delton. No 
detectable peak was observed at 17.17 min. Peaks with retention times of 13.44 and 
22.58 min were identified as TEGDMA and Bis-OMA, respectively. 
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